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FOURTEENTH QUARTERLY STATUS REPORT 

on 

THE CULTIVATION O F  HYDROGEN-FIXING BACTERIA 

by 

J .  F. Foster  

IN  TROD UC TION 

Six runs were  made in the continuous-culture apparatus during the quar te r .  Most 

In general, a l ternate  weeks were used in preventive and cor rec t ive  main- 
of the runs extended for  about 100 hours  each, o r  the equivalent of 1 work week of 5 days 
and 4 nights. 
tenance of the many automatic components of the total  system, in calibrations, and in 
studying the data  collected f rom the preceding run. Interpretations of these data were  
used t o  develop hypotheses for mechanisms of growth and nutrient assimilation a s  a 
guide f o r  the selection of environmental conditions in  the following run. Data f r o m  the 
f i r s t  four  runs were  analyzed in  moderate  detail, and the resu l t s  led to interpretations 
that a r e  supported by a m o r e  detailed examination of the data f r o m  the fif th run. These 
la t ter  data a r e  presented and discussed in this report ,  because the resu l t s  show growth 
r a t e s  much higher than had been previously observed with this organism. The sixth run 
was made during the final week of the period. The resu l t s  have not been interpreted yet, 
but qualitative examination indicates the optimum growth conditions were  not approached 
as near ly  as they were  for  the fifth experiment. 

OBJECTIVE 

The long-range objective is to se lec t  optimum environmental conditions f o r  con- 
tinuous cu l tures  growing in steady s ta te  at high conversion efficiencies.  This objective 
remains  unchanged, a s  discussed and described in the preceding report .  
period, a shor t - range  objective was to  develop procedures  fo r  maintaining rapid growth 
and f o r  reaching high cel l  densit ies during the batch-growth phase that mus t  precede the 
establ ishment  of active steady-state growth. 

During this 

BACKGROUND O F  CULTURE CHARACTERISTICS 

As background for  the description and discussion of experimental  resu l t s  in follow- 
ing p a r t s  of this report ,  this section reviews some charac te r i s t ics  of the growing 
cul tures  that  have been observed in past  experiments.  

B A T T E L L E  M E M O R I A L  I N S T I T U T E  
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After  inoculation, the culture passes  through a lag period of slow growth, goes into 
logarithmic growth, and then growth decelerates .  
ported for  batch growth of many different organisms in  the bacteriological l i terature .  
Deceleration in growth following the logarithmic phase has  been attr ibuted generally to a 
depletion of the nutrient composition so that  deficiency of one component limits growth. 
Paral le l ing depletion, some bac ter ia  might be discharging an inhibitory product which 
r e t a rds  growth as its concentration increases  with the r i s e  in  cel l  population. 

The sequence is similar t o  that  r e -  

The culture apparatus used in  this  r e sea rch  program has been designed and devel- 
oped to maintain a constant environment in which the major  nutrients a r e  made available 
at p re se t  concentration levels and a r e  replaced as rapidly as they a r e  consumed. Much 
effort  was devoted to the exploratory study of various concentrations of u r e a  and C02 
maintained in  the environment a s  the major  sources  of cel lular  nitrogen and carbon. 
There  appeared t o  be no simple correlat ion between substrate  concentration, ra te  of 
substrate  conversion, pH range, and the growth ra te  of the organism.  
character is t ical ly  would undergo unpredictably different growth r a t e s  in  the logarithmic 
phase of successive cultures and would often approach a rest ing s tage at a maximum cell  
concentration of about 2. 5 grams (dry  weight) p e r  l i t e r .  

The cul ture  

Upon some occasions, when growth was decelerating, an abrupt change in  cul ture  
environment might renew growth a t  a logarithmic r a t e  somewhat lower than was ob- 
served in the preceding logarithmic phase,  The growth inducing change might be  diluting 
the cul ture  with an equal volume of f r e sh  nutrient, changing the u r e a  concentration, add- 
ing concentrated u rea  solution, o r  diluting continuously with f r e s h  medium at a dilution 
ra te  lower than the growth ra te .  By such empir ica l  means,  it was possible to  reach  cel l  
densit ies as high a s  about 5 grams (dry weight) p e r  l i t e r  on occasion. However, r eac -  
tivated growth did not always take place.  Also, the growth ra te  was slow at this level, 
and the culture trended i r revers ib ly  toward a rest ing condition. 

Additional observations of cul ture  charac te r i s t ics  indicated that 

The pH could change spontaneously, and the change might be  in  e i ther  
direction. 

The pH trended upward as the rest ing phase was approached, and it was 
necessary to  add relatively la rge  amounts of acid to maintain pH below 7 .  

Urea consumption ra tes  did not appear  to  be  related to other cul ture  
character is t ics ,  such a s  growth r a t e s  o r  ce l l  density in  the culture.  

When a known amount of u r e a  was added to the culture,  the measured  
increase  in i ts  concentration in the medium was usually lower than 
would be calculated f r o m  the amount added. 

An abrupt change in cul ture  environment, as outlined above, was 
sometimes followed about 3 hours l a t e r  by a spontaneous abrupt 
change in measurable  charac te r i s t ics  of the cul ture .  

Gas consumption r a t e s  were  proportional to  ce l l  density during the 
first part  of the logarithmic phase, but  a s h a r p  d e c r e a s e  in r a t e s  
almost always occurred  before  the limit of logari thmic growth of 
the cells was reached. 
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These observations combined with the data presented in  following sections lead to 
a hypothetical mechanism of nutrient assimilation. 

A decomposition product derived f rom urea  (possibly ammonia) may b e  the pr imary  
nitrogen source utilized by the organism. Details a r e  given in  the discussion. 

EXPERIMENTAL R ESULTS 

Four  experimental  runs a r e  described briefly because each contributed some 
guidance f o r  the next experiment, although none met  the objective of a high cel l  density 
with a high growth ra te .  

Run 23035-51* was s e t  up to t e s t  the possibility of maintaining optimum concentra- 

The pH l imits  were  a rb i t r a r -  
tions of u rea  and CO2 in the culture by adding u r e a  to compensate for  low pH and by in- 
c reas ing  C 0 2  part ia l  p r e s s u r e  to  compensate for  high pH. 
ily s e t  at about 6. 0 and 7. 0. 

The init ial  concentration of u r e a  in  this run was about 0. 35 g rams  p e r  l i t e r .  After 
inoculation the cul ture  grew at a moderate  rate equivalent to a logarithmic growth-rate 
constant of K = 0. 16.** 

The u r e a  concentration was permit ted to dec rease  as growth proceeded. Continu- 
ous dilution was s ta r ted  at a dilution ra te  D = 0. 17** after 13 hours  of batch growth, a t  
which t ime the  cel l  density was about 0 . 4  gram p e r  l i t e r .  
ginning of continuous dilution, the decreasing u r e a  concentration reached the p re se t  
minimum of 0.  1 g r a m  pe r  l i t e r ;  thereaf ter  urea  was added periodically on demand to 
maintain u r e a  concentration at this value. 

About 4 hours a f te r  the be-  

The pH fluctuated slightly between 6 .  1 and 6 .  2, but  never  reached the extreme 
l imits  that would have caused cor rec t ive  additions of u r e a  o r  COz. 
however, occur red  in a regular  t ime  cycle tha t  cor re la ted  with fluctuations in u r e a  de- 
mand and gas consumption. 
fo r  a period of 2 to  3 hours and concurrently the u r e a  demand and gas consumption would 
r i s e .  
gas would then decrease .  This fluctuation pattern was superposed on a continuous r i s e  
in average demand for  all ma te r i a l s  which correlated proportionately with a continuous 
s l o w , r i s e  of ce l l  density in  the culture.  
growth r a t e  of about K = 0. 20 was slightly higher than the  dilution r a t e  of D = 0. 17. 

The pH fluctuations, 

Specifically, the pH would dec rease  spontaneously to 6. l 

Then the pH would r i s e  to 6. 2 for  6 t o  8 hours  and the input r a t e s  fo r  u r e a  and 

The ce l l  density was increasing because the 

These  pH fluctuations were  barely within the limits of detection of the pH recorder ,  
but they w e r e  sufficiently regular  and reproducible to be qualitatively significant. 
re t rospec t ,  it  is evident that  the culture medium was too highly buffered t o  permi t  much 
pH fluctuation. 
changes in  cul ture  composition were  identified by l a r g e r  pH changes. 

*Experimental runs are referenced by the serial number and page of the notebook in which are recorded the primary data. 
“See preceding report, pages 5 and 6, for definition of K and D. 

In 

Buffer concentration was decreased in  l a t e r  runs,  and the periodic 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  
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In this experiment, grab samples of the cul ture  were  analyzed for  protein content. 
The protein content in  unit volume of cul ture  was approximately proportional to the total  
cel l  weight in  the same sample, as would be  expected. However, the r a t e  of r i s e  in  cel l  
density was so slow that the experiment was terminated when the cel l  density reached 
about 2 grams  pe r  l i t e r .  

A few samples were  used t o  obtain a count of viable cel ls  pe r  unit volume of cul- 
The viable cel l  count was approximately proportional t o  total ce l l  weight in  three  

These  were  exploratory measurements  that  will have to  b e  
ture .  
out of four  determinations. 
repeated t o  obtain quantitative resu l t s .  

Run 23035-57 was conducted pr imar i ly  to examine cul ture  growth in  a medium with 
low u r e a  concentration. 
centration was allowed to decrease  as the organism consumed and/or  converted the u r e a  
inventory. * Initial growth was relatively slow a t  K = 0. 14. Measurable  u r e a  concentra- 
tion in the culture fe l l  at a constant ra te  to l e s s  than 0. 01 g r a m  p e r  l i t e r  13 hours  af ter  
inoculation, at which t ime the cel l  density was 0 . 3  g r a m  p e r  l i t e r .  At the s a m e  t ime the 
gas-consumption-rate curve changed sharply f rom its init ial  r is ing trend and remained 
constant fo r  about 6 hours .  A similar break  is usually observed whenever the cul ture  
medium becomes deficient in  some requirement  fo r  vigorous growth, and the b reak  is 
always followed af te r  some hours by a sha rp  decrease  in  growth ra te .  In this culture,  
growth continued f o r  7 hours,  and cel l  density reached 0 .8  g r a m  p e r  l i t e r  before  growth 
virtually ceased. 

The initial concentration was 0. 1 g r a m  p e r  l i t e r ,  and the con- 

It was possible to es t imate  a ma te r i a l  balance f r o m  these  observations and with 
the assumption that all  the nitrogen inventory originally supplied in the medium mus t  
have been incorporated in the cel l  s t ruc tu re  by the t ime growth ceased.  On the bas i s  
that  t he re  was originally 0. 1 g r a m  u r e a  p e r  liter of medium and that a l l  of this was con- 
verted and assimilated in a s e r i e s  of chemical and biological s teps  to f o r m  0. 8 g r a m  of 
cel ls  pe r  l i t e r ,  cel l  nitrogen could not r ep resen t  m o r e  than about (0.  1 x 0. 467/0. 8) x 
100 = 5.8 perc'ent of the cel lular  mater ia l .  
12 percent  nitrogen found by chemical analysis of ce l l s  harvested f rom an actively grow- 
ing culture.  
quarter ly  report ,  in which i t  was concluded that t he re  were  three  and possibly four  

This  i s  about half of the (approximately) 

This mater ia l  balance supports the observations reported in the eighth 

modes of u r e a  conversion in Hydrogenomonas cu l tures .  The cu r ren t  experiment r ep re -  
sents  Mode 1 / 2  in which half as much u r e a  i s  ass imilated by a slowly growing cul ture  in 
a urea-deficient medium as would be  assimilated during active and vigorous growth. 

This interpretation was fur ther  supported in  the cu r ren t  cul ture  studies by adding 
Growth was resumed and a single dose of u rea  equivalent to  0. 18 g r a m  u r e a  p e r  l i t e r .  

gas consumption rose  immediately.  
reached about 2 .8  grams pe r  l i t e r  af ter  about 30 hours .  
thus represented l e s s  than 5 percent  of the incrementa l  ce l l  production during the  con- 
version period. Intermittent dosages with u r e a  continued to  support  slow growth with 
correspondingly increasing gas consumption, unti l  the ce l l  density reached 5 g r a m s  of 
cel ls  p e r  l i t e r  of cul ture  before  the experiment was terminated.  

The ce l l  density increased  at a slow ra te  and 
The converted u r e a  nitrogen 

These observations indicate that there  a r e  probably no inhibitory by-products 
formed by the culture when growth is l imited by nitrogen deficiency. The cul ture  is 
character is t ical ly  whiter in  color,  and i t  tends to foam strongly while being s t i r r e d .  

*Many of the changes described for this and following cultures are qualitatively similar to those illustrated graphically in 
Figure 1 and presented later with the discussion of Run 23035-75. 

B A T T E L L €  M E M O R I A L  I N S T I T U T E  
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Run 23035-62 used a medium containing 0.  75 g r a m  u r e a  per  l i t e r .  Logarithmic 
growth proceeded without dilution at a ra te  of K = 0. 16. As soon as the growth r a t e  
s ta r ted  to decrease,  half the cul ture  was discarded and was replaced by diluting the r e -  
mainder  1:l with f r e s h  nutrient. This procedure tended to acce lera te  growth f o r  a brief 
period, but overall  growth ra te  still decreased with t ime.  The 1:l dilution was repeated 
twice at intervals  of about 12 hours,  and the cell density approached 1. 5 grams pe r  l i t e r  
before  continuous dilution was s tar ted.  
each 1: 1 dilution o r  during continuous dilution. 

N o  marked effect on growth ra te  occurred af ter  

These observations indicate that deficiencies in  t r ace  o r  major  nutrients a r e  
probably not the cause of progressively slower cul ture  growth, since these were  renewed 
with each addition of f r e s h  nutrient.  
variation in the inventories of one o r  m o r e  intermediate products derived f rom cel lular  
o r  enzyme activity directed toward the urea .  Such an intermediate  need not be  a growth 
inhibitor, but i t  conceivably could affect the extracellular chemical equilibria that de te r -  
mine the nutrient species available at the cell  wall  for  t ranspor t  into the cell .  
ent composition, including unidentified intermediates,  presumably also influences m e -  
tabolism and f eedbac k-cont ro l  mechanisms within the organism.  

The alternative possibility is that of a buildup o r  

The nutr i -  

Run 23035-68 was s e t  up and controlled as an exploratory experiment to  t e s t  pa r -  
t ial ly the concept that fluctuations in  the inventory of some unspecified intermediate may 
influence growth. The nutrient medium was made up with l e s s  phosphate buffer, so that 
pH changes might ref lect  m o r e  sensitively the formation or depletion of a decomposition 
product der ived f r o m  urea .  Experience had shown that pH changes occurred spontane- 
ously during changes in growth rate ,  indicating that the hypothetical intermediate in- 
fluenced the pH of the culture.  The pH control was p r e s e t  to  add u r e a  at a minimum pH 
and C 0 2  a t  a maximum pH by overriding the controls that  maintain u rea  and C 0 2  a t  
p re se t  minimum concentrations. Initially, the u r e a  concentration in the medium was 
0. 5 g r a m  p e r  l i t e r .  The u r e a  concentration control was p re se t  to maintain at l ea s t  
0. 1 g r a m  p e r  l i ter ,  s o  that the init ial  concentration could dec rease  f rom 0. 5 to  0. 1 gram 
p e r  l i t e r  during the f i r s t  growth period. This is 
significantly higher than the growth r a t e  of K = 0. 16 in  the preceding experiment, when 
the u r e a  concentration was 0. 75 g r a m  per  l i ter  initially. 
growth r a t e  of K = 0. 14 in Run 23035-57 when init ial  u r e a  concentration was 0 . 1  g r a m  
pe r  l i t e r .  

The growth rate was about K = 0. 18. 

It is a l so  higher than the 

The pH of the lightly buffered medium reflected changes in the culture environment 
These changes, as outlined be- that cor re la ted  with other changes in  mater ia l  demands.  

low, supported the hypothesis that  an intermediate is indeed formed f rom u r e a  and that 
it m a y  s e r v e  as the p r imary  nutrient in  some of the growth periods.  
dium was  6. 5 ,  which was reduced to 6. 1 when C 0 2  was dissolved in the ,medium f r o m  the 
gas phase,  containing 6 percent  C02. 
the pH of the cul ture  s ta r ted  t o  increase.  Growth continued, but r is ing gas demand 
leveled off 2 hours  l a t e r  and pH stabilized at 6. 4. 
ra te ,  half the cul ture  was removed when the cel l  density reached 1 gram p e r  l i t e r  and 
was replaced with f r e s h  medium. 
seve ra l  identifiable responses  in the culture. A lag phase with a growth ra te  of K = 0. 13 
pe r s i s t ed  f o r  1 .  7 hours  a f te r  dilution, then a m o r e  rapid growth, with K = 0. 19, s tar ted.  
Concurrent ly  with the beginning of rapid growth, gas demand increased proportionately 
with increas ing  cel l  density.  
spontaneously r eve r sed  and pH increased.  'v:'heii the  cell d e ~ a i t y  3gl in reached 1 gram 

The pH of the m e -  

When the cel l  density reached 0 . 3  g r a m  p e r  l i t e r ,  

Anticipating a decrease  in  growth 

This abrupt change in cul ture  environment induced 

The pH decreased to a minimum of 6. 1, then the trend 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  
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per  liter, both gas demand and growth ra te  levelled off, at which t ime the pH was 6.6.  
The charts  showed an abrupt increase in urea-conversion ra te  3. 5 hours after dilution. 
This is equivalent to the doubling t ime of the culture when it was diluted. 
changes correlated with doubling t ime have been observed repeatedly in other cultures.  
They a r e  interpreted now as a change in the mode of u r e a  conversion, induced by a feed- 
back mechanism within the cell,  which responds to environmental changes. It is hypoth- 
esized that the induced change in mode of u r e a  conversion may b e  one in which ammonia 
is formed f rom u r e a  by an extracellular enzyme released f rom the cell.  

Similar 

The pH continued to increase until it reached 7 .0 ;  a t  this prese t  maximum, fur ther  
increase was  prevented by compensating additions of C02. 
to about K = 0.08. C02 additions to hold pH at 7 .0  increased C02  partial p r e s s u r e  to 
10 percent during 8 hours. 
su re  fell  during the next 8 hours until the C02  control took over to maintain the CO2 
minimum concentration at about 6 percent partial  p ressure .  

Growth rate had decreased 

Then pH-related C 0 2  demand decreased and i t s  par t ia l  p r e s -  

About an hour before the CO2 partial  p r e s s u r e  reached the minimum control point 

This 
of 6 percent, the u r e a  control was arbi t rar i ly  r e se t  to r a i se  the u r e a  concentration f r o m  
0. 1 to 0. 3 gram per  l i ter  and to maintain the u r e a  a t  this new concentration level. 
change induced la ter  changes in the culture activity that w e r e  qualitatively similar to 
those described above. 
the growth rate  increased abruptly f rom K = 0.08 to K = 0.12  and gas demand showed an 
abrupt r i s e  concurrently. 
until it reached 6 .8 .  
t ro l  added u r e a  continuously for 1 hour to hold pH at this p r e s e t  minimum. 
abruptly reversed at  this point, and pH increased in 1. 3 hours to 7. 0, where the r i s e  
was stopped by automatic C 0 2  addition. 
this period, but gas demand increased at a rate  grea te r  than the increase in cel l  density 
while pH was falling f rom 6 . 8  to 6. 2. Exactly at the t ime pH reached its minimum of 
6. 2 gas consumption levelled off. When the pH was controlled at 7 . 0  maximum by adding 
C02, there  was a continuous r i s e  in par t ia l  p r e s s u r e  up to  35 percent CO2 in the g a s  
phase, which then was held at this level for  many hours.  
affected and continued until the cel l  density reached 3. 9 grams  per  l i t e r .  
par t ia l  p ressure  s tar ted to  decrease and had reached 30 percent  in the gas phase when 
the experiment w a s  terminated. During the l a s t  day of the experiment the overall  gas 
demand passed through a high maximum, then through a minimum that was s t i l l  a t  a high 
ra te  compared with that in past  experience. 
minimum during the l a s t  6 hours.  
0 .09  but presumably would have increased again (based on the final period of increasing 
gas ra tes )  had there been t ime to continue. 

Seven hours after the u r e a  concentration was adjusted upward, 

The pH decreased slowly f r o m  7 . 0  for an additional 4 hours 
Then i t  decreased fur ther  in only 1 hour to 6. 2, when the pH con- 

The pH trend 

Growth ra te  held steady at about K = 0.  11 during 

Growth did not appear to b e  
Finally, C02 

Finally, gas consumption rose  f r o m  the 
During the l a s t  6 hours growth rate  dropped to K = 

The foregoing observations on the whole support  the speculative hypothesis that 
there  is an intermediate in the culture sys tem which influences growth rate  and pH as  
well. 
an inventory of some by-product o r  intermediate in the cul ture  but a lso ref lects  the pas t  
environment during a period equal to the average generation o r  doubling time. 
m o r e  feedback mechanisms may be operating to  determine cul ture  activity a t  a selected 
time, and these mechanisms may have different t ime constants.  
such mechanisms and their  t ime constants a r e  not yet  understood, the next experiment 
was se t  up as an attempt at fur ther  clarification. 

It i s  indicated that the rate  of growth not only ref lects  the buildup o r  depletion of 

One o r  

Since the details of 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  
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Run 23035-75  consisted of two consecutive batch cul tures  of about 30 hours each. 
Figures  1 and 2 show the plots of pH, cel l  density, gas  ra tes ,  u r e a  concentration, and 
C02  par t ia l  p re s su re  a s  functions of t ime.  
The pH rose  slowly, passed through a broad maximum, then through a sharp  minimum, 
and finally increased rapidly to the maximum permitted by the automatic control. A 
sha rp  break  in gas consumption occurred  when the pH reached i t s  second maximum, and 
growth decreased.  
toward the second maximum, indicating that urea was decomposing m o r e  rapidly than it 
could be assimilated.  

Both cul tures  grew rapidly a f te r  inoculation. 

Urea conversion increased abruptly when pH was r is ing rapidly 

In o rde r  to es t imate  the amounts of unassimilated nitrogen and carbon accumulating 
in  the culture medium that a r e  not represented by dissolved u r e a  and C02  (which a r e  
measured  by continuous analyses) a mater ia l  balance was calculated for each batch cul- 
ture .  It was assumed that the incre-  
ments  of cel ls  produced in consecutive 2-hour periods contained 12. 2 percent nitrogen 
and 53 percent  carbon a s  products of the conversion of u r e a  and C 0 2 .  Urea converted 
during the same  period, containing 46. 7 percent nitrogen, was the total nitrogen input. 
Carbon input was the sum of u r e a  carbon and C02  carbon, 20 percent  and 27. 3 percent,  
respectively,  of u rea  and C 0 2  converted during the same  period. The cumulative dif- 
fe rences  between inputs and cel l  products equalled the inventories of aqueous nitrogen 
and aqueous carbon dissolved in  the medium o r  adsorbed on the cel l  walls a s  unidentified 
intermediates .  

Figure 3 shows the resu l t s  of these calculations. 

F igure  3 shows that carbon and nitrogen inventories increased steadily in Batch 1, 
then s ta r ted  to  decrease  a s  rapid growth occurred.  Then the culture apparently changed 
its mode of growth, with increased  u r e a  and C 0 2  conversion and without a corresponding 
increase  in  assimilation. Batch 2 repeated the major  fea tures  of Batch 1, but initial ac-  
cumulation of inventories was slower,  and the maximum in the nitrogen inventory was 
lower.  F igure  3 also shows for  convenient reference the variation in  pH and the varying 
growth r a t e s  as K, calculated f r o m  the slopes of segments of the cel l  density curves  of 
F igures  1 and 2,  

CONCLUSIONS 

(1) The init ial  growth period i s  c r i t i ca l  i n  determining the course  of active growth 
in denser  cul tures  that a r e  produced la ter .  

( 2 )  Urea ' i s  converted to one o r  m o r e  intermediate compounds, but their  influence 
on fu ture  growth is not understood. 

( 3 )  Once the  cul ture  changes i t s  mode of growth i t  is not yet known how i t  can be in- 
duced to  rever t  rapidly to the initial mode, in which efficiency of conversion is 
higher  and growth i s  m o r e  active. 

(4) The change in mode of growth is identified by a sha rp  pH minimum, followed by 
a rapid r i s e .  Presumably,  this i s  caused by re lease  of ammonia a s  an extra-  
ce l lu la r  decomposition product f rom urea.  

B A T T E L L E  M E M O R I A L  I N S T l f U T E  
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a p t  12. 1966+Sept 13 
Clock Time. hr 

FIGURE 1. FIRST BATCH CULTURE OF HYDROGENOMONM EUTROPHA, 
RUN 23035-75 



9 

Sept. 14. 1966+Sept 15 
Clock Time, hr 

FIGURE 2. SECOND BATCH CULTURE OF HYDROGENOMONAS EUTROPHA, 
RUN 23035-75 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  
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(5) The growth rate at any t ime reflects the environment in the culture over a preced- 
ing period no longer than one generation of the organism.  

( 6 )  Changes in the growth of the culture extending over longer than one generation r e -  
f lect  long-term changes of inventories of intermediate compounds derived f rom the 
pr imary  nutrients.  

(7) Encouraging p rogres s  has  been made in understanding conditions for  efficient cul- 
t u r e  of the organism. 
cul ture  in about 24 hours,  using a dilute inoculum. 
has been possible in  other experiments.  

A ce l l  density of 5 grams  pe r  l i t e r  was attained in batch 
This period is shor te r  than 

(8)  Growth rates during a part of the culture periods exceeded any that have been ob- 
served  previously. 
t ime. In Batch 2 the maximum growth 
r a t e  was about K = 0. 32 for  6 hours, o r  a doubling t ime  of about 2. 2 hours .  lt is 
concluded that there  is no genetic o r  morphological limitation on growth of the 
organism with a doubling time of about 2 hours,  although side reactions and enzy- 
mat ic  feedback mechanisms may have to b e  controlled by methods presently not 
known, 

The maximum observed in Batch 1 was K = 0 . 3 8  for  a short  
This equals a doubling t ime of 1 . 8  hours .  

FUTURE WORK 

Work will continue on the identification of an optimum environment for  efficient 
continuous culture,  using the concept of extracellular inventories of intermediates  that  
influence long-term changes, and intracel lular  reactions that adjust  t o  the external en- 
vironment within one generation. 
will  b e  used  to  extend our  understanding of the culture environment. 

Continuous determination of ammonia in the culture 

The p r imary  data used as the  bas i s  for this  repor t  a r e  recorded in Research  Note- 
book No. 23035, pp 51-79, and on supplementary char t s  and forms referenced therein.  
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